Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality. As such, the disease places a significant burden on health care services. Although the pathogenesis of COPD is complex, progressive airflow limitation and a chronic inflammatory response are two hallmark characteristics of the disease. In addition, systemic manifestations such as peripheral muscle dysfunction have recently received considerable attention in the literature. Pulmonary rehabilitation is an evidence-based multidisciplinary intervention that has been shown to produce clinically relevant outcomes. One important component of rehabilitation is exercise. With the majority of COPD patients presenting with muscle weakness and exercise intolerance, the inclusion of resistance training into a pulmonary rehabilitation programme would seem appropriate. Compared with other exercise/training modalities only a small number of studies have investigated the effects of resistance training in COPD patients. Although further research is required to identify the optimal mode, intensity and frequency, it appears that resistance training may prove to be a valuable intervention for COPD patients enrolled in pulmonary rehabilitation programmes.
Introduction
Chronic obstructive pulmonary disease (COPD) is a major cause of disability and premature death and as a result is regarded as global health priority. 7 While the relative contribution of coronary heart disease and stroke towards death is on the decline, mortality from COPD is on the increase. 17 This trend has prompted an increase in the number of studies investigating the efficacy of different treatment modalities within pulmonary rehabilitation (PR), and has resulted in the synthesis of a number of consensus statements and clinical guidelines by various associations.
PR can be defined as 'an evidence-based multidisciplinary and comprehensive intervention for patients with chronic respiratory disease who are symptomatic and often have decreased daily life activities. Integrated into individualised treatment of the patient, pulmonary rehabilitation is designed to reduce symptoms, optimise functional status, increase participation, and reduce health care costs through stabilising or reversing systemic manifestations of the disease. 37 A
COPD pathophysiology
COPD is 'a disease state characterised by airflow limitation that is not fully reversible. The airflow limitation is usually both progressive and associated with an abnormal inflammatory response of the lungs to noxious particles or gases'. 35 Noxious stimuli such as viral infections and inhaled irritants, especially cigarette smoking, results in irritation of the respiratory tract mucosa. It has been suggested that this continual irritation induces epithelial injury and thus provides the stimulus for inflammatory infiltrate. 11 Dominance of a chronic inflammatory state within the mucosa results in mucus hypersecretion, ciliary dysfunction, oedema and structural changes such as fibrosis and loss of parenchymal integrity. 38, 45 The resultant swelling of the mucosa and subsequent narrowing of the lumen result in airflow obstruction and air trapping/hyperinflation. The inhibition of normal gaseous exchange, i.e. impaired lung function, results in hypoxaemia, which in turn induces dyspnoea, a factor that may deter patients from participating in physical activity.
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Skeletal muscle dysfunction
Inflammatory sequelae are central to the pathogenesis of COPD, and while it has traditionally been defined as a disease of the airways, significant systemic factors manifest in COPD patients, making it a multi-component disease. 60 A common finding in patients suffering from COPD is muscle weakness and a reduction in muscle mass. 26 and reductions in peroxisome proliferator-activated receptors (involved in mitochondrial biogenesis). 43 Gosker et al. 21 recently confirmed that the severity of COPD is associated with reductions in the proportion of type I fibres. The aforementioned factors together with the finding that lactic acidosis occurs earlier during exercise in COPD patients compared with healthy subjects, 33 may partly explain why COPD patients fatigue quicker and experience exercise intolerance. This in turn may deter individuals from participating in physical activity and promote physical deconditioning, ultimately fuelling the progression of COPD (Fig. 3 ).
Exercise and pulmonary rehabilitation
Pulmonary rehabilitation (PR) programmes can improve HRQL in COPD patients. 12 Exercise intervention is arguably one of the most important components of a PR programme. 30, 37, 44, 57, 58 Exercise intolerance in COPD patients cannot be solely attributed to ventilatory limitations. 52 Rather, it has been proposed that the limitations are multifactorial and include metabolic and gas exchange abnormalities, peripheral muscle dysfunction, cardiac impairment and exertional symptoms. 39 (25) ). effects in COPD patients as a modality in isolation. To the best of the authors' knowledge Table I contains the only studies that have documented the effects of resistance training in COPD patients. Some of these studies compared a resistance training group versus other interventions. However, the alterations summarised in Table I represent the effects of only resistance training and no other combined intervention.
PULMONARY REHABILITATION IMMOBILITY
COPD is not just a disease of the respiratory system. It is now well established that the skeletal muscles of COPD patients are both morphologically and functionally different from those of healthy individuals. 19 The extent of the changes is so pronounced that COPD has been termed a muscle disease. 57 Since exercise intolerance in COPD cannot be attributed to ventilatory limitations alone, and skeletal muscle The latter may prove beneficial for COPD patients, as many suffer from co-morbid conditions.
It is arguable that any intervention employed within a PR programme should directly or indirectly serve to improve the patient's quality of life. With this in mind, the question should be asked: do improvements in strength conferred from resistance training translate to improvements in functional capacity in COPD patients? There is evidence to support the value of resistance training in reducing functional limitations in healthy individuals. 5 From the randomised controlled studies summarised in Table I , it is apparent that strength of specific muscles improved in 6 out of 6 of the studies in which it was measured. In addition, improved activities of daily living, the mastery thereof, and/or HRQL were significantly enhanced in 5 of the 7 studies. HRQL is most commonly measured using the Chronic Respiratory Disease Questionnaire. 22 The questionnaire, which has been validated for use in a clinical setting, measures four categories pertaining to physical and emotional discomfort during normal daily activities. The patient's responses are scored on a 7-point Likert scale for categories of dyspnoea, fatigue, emotional function and mastery. Although the interventions among the studies differed, all used patients with COPD. It remains to be seen what effect resistance training may have on patients who have other pulmonary conditions/disorders. All the studies implemented the principle of progression and the training intensity was based on nothing 'lighter' than 70% of the subject's one repetition maximum. No authors reported adverse effects of the training despite some interventions being of a high intensity (≥85% of 1RM). Improvements in maximal tidal volume and FEV1 in the studies by Clark et al. 8 and Hof et al. 24 respectively, were the only documented changes in pulmonary function parameters. Although FEV1 is important in the diagnosis of COPD, it cannot be reliably correlated with exercise capacity, dsypnea or HRQL. 10 Thus, the lack of improvements in pulmonary function parameters following resistance training interventions may not be clinically significant. A potential limiting factor in terms of interpreting the efficacy of resistance training in the PR programmes referenced in Table I is that there are large discrepancies in the ages of the participants. In addition, the studies fail to indicate what the participant's level of activity and co-morbid status was before being diagnosed with COPD. This implies that the participants utilised in the studies may have shown favourable benefits from the training interventions because they may have been sedentary (or active) for many years prior to their diagnosis. Thus, the 'true' benefits conferred by the resistance training are difficult to quantify accurately.
More studies have been conducted on the effects of endurance training in PR than any other modality. 9 In addition to the studies referenced in Table I , a number of researchers have looked at a combination of strength-endurance interventions in COPD patients. 2, 4, 3, 28, 32 Results from these studies do in some instances support a combined programme over endurance or resistance training alone. The reported additive effects of combined interventions (resistance and endurance) in some studies have gained support for its incorporation into rehabilitation programmes. 4, 28, 37, 56 When summarising randomised controlled trials comparing different exercise modes on COPD patients, Puhan et al. 42 reported
that 'strength exercise led to larger improvements of HRQL than endurance exercise'. Although only 4 studies (strength v. endurance) were compared for the purposes of the review, the results do highlight the potential therapeutic value of strength/ resistance training. An advantage of resistance training is that it stresses the cardiorespiratory system less when compared with traditional aerobic exercise (cycling, walking, jogging).
The reduced metabolic demand of resistance training means lower levels of lactate accumulation and dyspnoea, factors that would encourage patients to adhere to physical training interventions.
Resistance training and molecular adaptations in skeletal muscle
It may be counter-intuitive to recommend resistance training to COPD patients due to the shift from a slow to fast twitch phenotype, observed in their skeletal muscle. 21, 34, 47 A shift in distribution from slow to fast twitch fibres gives rise to altered activities of key oxidative and glycolytic enzymes 62 that may decrease oxidative capacity and increase the risk of developing insulin resistance. 48 Whether resistance training exacerbates this phenotype switch, decreasing functional and oxidative capacity further, or maintains the status quo, has not been determined in COPD patients. In addition, it was recently hypothesised that resistance training may only induce brief 5'AMP-activated protein kinase (AMPK) activation (possibly not at all), resulting in limited AMPK-dependent adaptations such as mitochondrial biogenesis. 51 With the skeletal muscle of COPD patients already exhibiting reduced mitochondrial biogenesis, oxidative enzymes and oxidative capacity, 18, 43 the possibility that resistance training may exacerbate this situation requires clarification.
In contrast to the above possible detrimental effects of resistance training for COPD patients, recent research has shown that acute resistance training promotes skeletal muscle angiogenesis and hence capillarity. 6, 16, 54 This finding provides support for the use of resistance training in COPD patients, who display decreased muscle capillarity. 26 Specifically, research has shown that vascular endothelial pg108-113.indd 111 1/11/08 11:11:22 AM growth factor (VEGF) mRNA is increased 2.9-fold above rest 24 hours after resistance exercise in young and aged men as determined by pooled mRNA microarray analysis. 27 In the most recent study, acute resistance exercise (3 sets of 10 repetitions knee extension at 60 -80% of 1 RM, 2 minutes' rest between each set) significantly increased skeletal muscle (vastus lateralis) VEGF mRNA and protein, plasma VEGF protein and skeletal muscle VEGF receptor (KDR and Nrp1) mRNA in sedentary, young (range 24 -32 years of age) individuals (6 men, 1 woman). The authors concluded that early angiogenic signalling for VEGF is increased by acute resistance exercise although additional research is required to determine the signal transduction pathways responsible for up-regulating the angiogenesis growth factors and receptors. 16 It remains to be determined whether the increased skeletal muscle angiogenesis/capillarity induced by resistance training in healthy young individuals also occurs in COPD patients, who are typically older. In addition, research is also required to determine whether resistance training induced increases in skeletal muscle angiogenesis/ capillarity has any beneficial effect on the functional capacity and HRQL of COPD patients.
Anti-inflammatory nature of resistance training?
From the above discussion it can be seen that the precise molecular mechanisms in skeletal muscle that may underlie beneficial or detrimental resistance training transfers for PR patients are complex, with many areas requiring further research.
An additional area of research that is currently receiving worldwide attention relates to the possible anti-inflammatory effect of exercise. With COPD exhibiting a strong inflammatory component, 35 it may just be that exercise serves to attenuate the chronic inflammatory response in these patients.
Oxidative stress (free radical species) modulates aspects of inflammatory-induced alterations in skeletal muscle function.
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Eight weeks of aerobic exercise (cycle ergometry) 3 times per week for 60 minutes has been shown to reduce exerciseinduced oxidative damage in COPD patients. 41 Exerciseinduced elevations in cytokines (particularly interleukin-6) have been implicated as potential role players involved in inducing the anti-inflammatory effect associated with exercise. 15 Whether resistance training promotes a downregulation in oxidative/inflammatory responses remains to be elucidated. High doses of corticosteroids have been shown to induce skeletal myopathies. 36 If indeed the mechanism by which exercise imparts favourable health benefits is antiinflammatory sequelae, then it may reduce or impact on the patient's reliance on medications. This in turn could affect HRQL as certain medications have undesirable side-effects.
Conclusion
Although guidelines have been established, 52 the optimal mode, frequency and intensity of resistance training (especially among differing pulmonary pathologies) still requires further investigation. This is important in order to establish the true efficacy of resistance training for COPD patients. This in turn would prevent rehabilitation practitioners from prescribing to or implementing practices that are not supported by evidence. Recently, evidence-based clinical guidelines jointly generated by the American College of Chest Physicians (ACCP) and the American Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR) reject the inclusion of inspiratory training as part of a PR programme based on lack of evidence. 44 This highlights the fact that although papers have been published advocating the use of inspiratory training in COPD patients, further research is still required. Similarly, further research is still required to show that resistance training may reduce and/or reverse muscle wasting and dysfunction. Currently, no studies have been conducted in which muscle biopsies have been performed to determine if cellular/biochemical changes occur as a result of strength training in COPD patients. 44 Based on the results of studies that have investigated the effects of resistance training on COPD patients, it seems that resistance training may indeed contribute favourably to the exercise training component within a PR programme. This 'sentiment' is acknowledged by the ACCP and the AACVPR. Although 'clinicians underestimated the degree to which skeletal muscle weakness contributes to patient morbidity'. 53 it seems that within the literature more and more authors are promoting the inclusion of resistance training within PR programmes. Many argue that a combination of endurance and strength training would be most beneficial for the patient. Future studies are required to shed light on the extent to which resistance training may impact on functional capacity and HRQL in COPD patients. In addition, studies are required to investigate the role of resistance training in altering inflammatory responses as well as beneficial or detrimental molecular pathways within the skeletal muscle of COPD patients.
